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Abstract

Testing an Overtraining Protocol for Fear Learning in Humans
By
Gordon Haskell

Advisor: Dr. David Johnson

Successful regulation of fear memories is a fundamental tenet to the exposure-based therapies
often employed by mental health professionals for individuals with PTSD, phobias, and other anxiety
disorders. Consequently, the efficacy of these treatment methodologies is largely dependent on the
strength of the fear memory, as stronger memories are often characterized by an increased resistance to
extinction and heightened fear recovery. However, there is little consensus within the scientific
community regarding how to effectively maximize fear memory strength in human studies, and the
literature exploring the impact of variability in acquisition parameters on memory strength is sparse. Here,
we tested the effects of learning experience on memory strength by employing a within-subject Pavlovian
fear conditioning paradigm over the course of three days with separate phases of acquisition, extinction,
and fear recovery. Participants (N=44) were conditioned to two stimuli (colored squares), which were
paired with an electric shock. While reinforcement rate was matched across both conditioned stimuli at
50%, learning experience was increased by 80% for one stimulus (CS+high) compared to the other
(CS+low). Primary output measures were SCR, self-reported US expectancy and evaluation of the severity
of the US; the latter two were combined to create a compound measure, subjective expected threat value
(ETV). We found no difference in the SCRs between the two CS+s during acquisition, extinction, and
fear recovery stages of the experiment, though we were able to identify a descriptive, but not statistical,
difference in the US expectancy ratings, with participants consistently overestimating the reinforcement
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rate of the CS+high compared to the CS+low, suggesting that participants expectancy ratings are reflective
of the number of CS-US pairings. The finding of no effect of learning experience on memory strength, as
indexed by our implicit measure of SCR, calls into question the viability of this specific protocol as a
reliable method for manipulating memory strength. One possible explanation for these null results is that
learning reached its asymptotic limit for the CS+low and a ceiling effect prevented further learning from
occurring for the CS+high (a true negative result). Alternatively, it is possible that learning experience did
mediate differences in strength between the two memories, but the paradigm was not sufficiently sensitive
to pick these differences up (a false negative result). For the explicit measure of US expectancy,
participants showed some evidence of differentiating between the two CS+s, with a trend towards higher,
and more inaccurate, estimates of the reinforcement rate for the CS+high compared to the CS+low, though
these differences did not meet traditional statistical thresholds. These descriptive results are in contrast
with standard learning theory and could merit further exploration.
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Chapter I: Introduction
Classical Conditioning as a Fear Learning Model and its Clinical Relevance
Anxiety disorders constitute some of the most common psychopathologies, with recent estimates
projecting that 18% (Kessler & Chiu, 2005) to 33.7% (Bandelow & Michaelis, 2015) of adults will suffer
from some form of anxiety disorder during their lifetime. These include post-traumatic stress disorder
(PTSD), generalized anxiety disorder (GAD), and simple phobias. However, considering recent global
events (i.e., the coronavirus pandemic) the World Health Organization (2022) has reported a 25%
increase in the prevalence of anxiety and depression disorders worldwide; with adolescents and women
recognized as being more at-risk of developing these disorders. There are also discussions among mental
health practitioners regarding the inclusion of Complex-PTSD (C-PTSD) in the next installment of the
DSM. C-PTSD is already a listed diagnosis in the ICD-11 and is recognized as being distinct from PTSD
due to the inclusion of three disturbance of self-organization symptoms involving: emotional
dysregulation, interpersonal difficulties, and negative self-concept (Jowett et al., 2020; Cloitre, 2020). It is
also considered that C-PTSD is the result of repeated exposure to traumatic experiences in which escape
is not easily accessible or feasible (Herman, 1992). This differs from PTSD, which can be considered the
result of singular exposures to traumatic events, as C-PTSD can be conceptualized as continuous
exposure to one or more traumatic events. Inclusion of C-PTSD in the DSM, in concurrence with the
pandemic and the natural increase in the rate at which anxiety disorders are being diagnosed, emphasize a
dire need for more empirically established treatment methodologies to better meet the needs of afflicted
individuals and at-risk populations. Therefore, the importance of furthering our understanding of the
neuronal, physiological, and psychological processes associated with the development, treatment, and
potential recidivism of fear-related psychopathologies cannot be understated.
Current treatment methodologies for these psychopathologies utilize the principles of classical
conditioning, which is the phenomenon discovered by Ivan Pavlov where repeated pairings of a neutral
stimulus with an unconditioned stimulus (US) will cause the now conditioned stimulus (CS), to generate a
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conditioned response (CR). The discovery of this experiential learning mechanism has allowed scientists
to better understand the behavioral, cognitive, physiological, and neurological processes associated with
implicit learning. The classical conditioning paradigm has also been utilized in a plethora of permutations
to better understand the mechanisms which underlie the learning of acquired fears as first evidenced by
the infamous ‘Little Albert’ experiment (Watson & Rayner, 1920). A meta-analysis focusing on the
connection between anxiety disorders and classical conditioning experiments found that rodents
conditioned using a Pavlovian design have been able to inform neuroimaging studies in establishing
targeted regions of interest. This has helped researchers identify specific neuronal and genetic
delineations that has increased researchers’ ability to identify certain biomarkers of PTSD and other
anxiety disorders (VanElzakker et al., 2014). In fact, another neuroimaging study was able to effectively
differentiate between the brains of individuals who have experienced trauma or have an active anxiety
diagnosis, from healthy controls by focusing on regions of interest previously established by rodent
studies (Wet et al., 2012). These findings provide evidence implicating the role of the amygdala,
hippocampus, ventral medial prefrontal cortex (vmPFC), and the insular cortex in anxiety disorders.
Studies have also found evidence emphasizing the translational validity of Pavlovian fear-learning
designs and their relevance in aiding treatments for clinical populations (Johnson et al., 2012). These
studies corroborate the effectiveness of Pavlovian designs in expanding our knowledge and understanding
the development and treatment of certain anxiety disorders and demonstrate the clinical validity and
transferability of these studies.
As learned fears are the result of conscious awareness of patterned contingencies between
presented stimuli and their corresponding aversive physical, psychological, and/or social consequences, it
comes to follow that interrupting these learned contingencies should mediate the learned fear responses.
Extinction is the process by which the conditioned stimulus is repeatedly presented but never paired with
the unconditioned stimulus, so that individuals can learn to mediate the learned contingencies and
associated expressions between the CS and the US. Originally, extinction was purported to be the result
of the conditioned memory being blocked (Kamin, 1967) or erased (Rescorla & Wagner, 1972). Though,
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today the consensus is that extinction is the result of novel learning experiences interfering with the
retrieval of previously encoded fear memories (Bouton, 2004). Research done in rodent models exploring
the neurological processes which underlie extinction processes suggest that extinction is, in part, the result
of novel potentiation in GABAergic intercalated amygdala neurons, which project to the central amygdala
(CEA) therefore inhibiting the role of the CEA in fear expression (Amano et al., 2010). If extinction is
mediated by secondary neural processes that inhibit the encoded activity of the learned fear memory, then
it would make sense that learned fears could return should there be an attenuation in the novel
potentiation’s of these GABAergic intercalated neurons.
Conditioned fears are prone to recovery even following successful extinction trials. Fears can
return in a myriad of ways including spontaneous recovery, reinstatement, or renewal. The ability of fears
to return following extinction is a testament to the strength of the fear memory and suggests that the fear
memory is more robust than the extinction memory. This is exemplified by the difficulty mental health
practitioners face when treating individuals with fear-based psychopathologies. One of the most popular
treatment methodologies for these anxiety disorders is exposure-based cognitive behavioral therapy (EBCBT), which employs the principles of Pavlovian fear learning models (Rothbaum & Davis, 2003), and is
essentially the extinction protocol operationalized for clinical use. As such, EB-CBT serves to interrupt
the patterned contingencies between the threatening stimulus and non-threatening stimuli, therefore
allowing participants to effectively mediate maladaptive fear responding in the absence of an aversive
stimulus (Myers & Davis, 2003).
However, EB-CBT is not always effective in mediating maladaptive fear responses or
diminishing the strength of the original fear memory. Evidence shows that as many as 50% of patients
either fail to respond to EB-CBT or experience a return in the expression of the original fear memory
(Walkup et al., 2008). There is further evidence suggesting that factors such as developmental stage
(Pattwell et al., 2012; Johnson & Casey 2015), genotypic variation (Dincheva et al., 2015; Soliman et al.,
2010), the development of stress and anxiety disorders (Lissek et al., 2005, 2009; Mineka & Zinbar,
2006), and certain personality characteristics such as intolerance of uncertainty (Morriss et al., 2015,
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2016), and trait anxiety (Indovina et al., 2011; Lissek et al., 2005) limit the efficacy of exposure therapy.
As such, individuals from these populations could be at an increased risk of developing anxiety disorders
and subsequently, may be less responsive to EB-CBT (Drysdale et al., 2014).
It has been suggested that one of the compounds of anxious individuals’ capacities for successful
extinction learning and mediation of maladaptive fear responding is their personality characteristics.
Studies have provided strong correlational evidence regarding heightened intolerance of uncertainty
scores (Buhr & Dugas, 2002) and symptoms of PTSD and other anxiety disorders, particularly in younger
populations (Oglesby et al., 2017; Osmanağaoğlu et al., 2018). These correlations suggest a chicken-andthe-egg-like scenario in which it is difficult to delineate whether increased levels of intolerance of
uncertainty result from the development or presence of anxiety disorders. Similarly, it comes to follow
that individuals with higher trait and state anxiety scores are more likely to be diagnosed with an anxiety
disorder; though again, it is difficult to delineate whether the anxiety disorders arise from genotypic
variation or environmental factors which contributes to an individuals’ predisposition towards these traits.
Conversely, it could be that state and trait anxiety are inherent characteristics which, increases an
individuals’ susceptibility to developing anxiety disorders. Regardless, the role of these traits in limiting
the efficacy of EB-CBT, and their prevalence among the populations that stand to benefit the most from
EB-CBT, suggests an exigency for a better understanding of the composites of these disorders and more
refined treatment methodologies. The tragic implication of these findings is that individuals with these
anxiety disorders are the ones who stand to benefit the most from EB-CBT especially considering that not
many other empirically validated alternative therapies currently exist. The fact that these individuals
exemplify diminished capacities towards extinction learning emphasizes the need for more refined and
targeted clinical interventions. Doing so should improve the translational validity of fear-based Pavlovian
learning models and further aid clinicians in developing more effective therapeutic techniques.
As EB-CBT is one of the most widely accepted clinical practices for anxiety disorders, and
largely operates on the same principles of fear extinction learning, it comes to follow that the clinical
relevance of fear-learning experiments is largely dependent on the degree of similarity between fears
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conditioned in the lab and traumatic events. One notable distinction between fears that are conditioned in
the lab and those that are the result of trauma, is the strength of the fear memory. Traumatic fear
memories are extremely robust and consequently less receptive to extinction and more vulnerable to
recovery (Long & Fanselow, 2012). As such, operationalizing memory strength in the lab should prove
instrumental in improving the efficacy of these treatment methodologies. In fact, most clinicians and
researchers will agree that a significant component of mediating a fear memory is the strength of the
memory. However, there is a lack of consensus within the scientific community regarding the operational
definition of memory strength, and the pertinent literature largely fails to address how memory strength
can effectively be operationalized in experimental conditions. Though there are a myriad of factors which
can influence the strength of a fear memory, such as emotional salience, two of the most objective
variables that are easily translated to the lab are the rate of reinforcement and the number of learning trials
(Lonsdorf et al., 2017).

Manipulating and Indexing Memory Strength
Previous studies have found that the reinforcement rate (i.e., the proportion at which the CS and
the US are paired during acquisition) can strengthen a memory as indexed by the rate at which
conditioned responses decrement during extinction (Dunsmoor et al., 2007; Haselgrove et al., 2004).
Interestingly, Haselgrove & colleagues (2004) found that partially reinforced memories are more likely to
experience prolonged extinction as opposed to memories that were conditioned with a 100%
reinforcement rate as partially reinforced memories entail more uncertainty regarding the CS-US
contingencies. This prolonged extinction refers to fear responses diminishing more slowly throughout the
extinction session and is considered an adequate index by which researchers can quantify memory
strength. Conversely, the number of learning trials refers to the number of times during acquisition that
the CS is paired with the US. Studies have found evidence that the number of learning trials can result in
higher rates of acquisition and stronger conditioned responses (Svartdal, 2003), both of which are also
common indices of robust fear memories in the fear-learning literature.
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In order to most effectively manipulate memory strength to condition stronger fear memories in
the lab, and improve the clinical transferability of their findings, researchers should maximize acquisition
parameters which have been empirically evidenced to condition more robust fear memories in
participants. However, not enough research has been performed to conclude whether the rate of
reinforcement or the number of learning trials can serve as effective means for maximizing fear memory
strength, let alone which is the most appropriate index by which we can gauge memory strength.
Currently, the pertinent literature shows a lack of evidence on the direct result that manipulating
acquisition parameters has on memory strength in humans, even though plentiful studies have been done
to test the effects of memory strength on extinction. Although there are studies, particularly in the rodent
fear-learning literature, that operationalize memory strength by employing a learning technique referred
to as ‘overtraining’. Overtraining is the experimental technique of presenting the CS-US pairings in an
excessive manner so that the learned fears and associated expressions are considered more robust and
inflexible memories (Gardner et al., 2013). This learning paradigm is useful as the stronger fear memories
more closely mirror those typified of anxiety disorders. However, overtraining models in the fear-learning
literature have yet to be employed in human studies and, as such, any relevant findings in the rodent
literature are limited by the ecological transferability to human participants. Though there are human
studies which will attempt to influence the strength of a fear memory, they typically manipulate both the
number of learning trials and the rate of reinforcement (Dunsmoor et al., 2007; Chin et al., 2016).
However, as these studies are manipulating two factors commonly believed to contribute to the encoding
of stronger memories, it is difficult to delineate which factor is more significant in contributing to the
strength of a fear memory. Furthermore, the majority of these studies index the strength of a conditioned
memory by the conditioned responses during acquisition, or the rate at which extinction transpires, which
may not be the most clinically relevant index to gauge the strength of a conditioned memory. As such, it
is possible that researchers may have been focusing on inappropriate indices to determine the strength of
conditioned fear memories.
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Clinicians have argued over the validity of these indices and have proposed that the most
clinically relevant index for conditioned fear strength is not acquisition responses, nor the rate of withinsession extinction, but rather extinction retrieval as ‘extinction is easy to learn but hard to remember’
(Vervliet et al., 2013). Extinction retrieval involves successfully retrieving the extinction memory during
the fear recovery session. As fear recovery involves retrieval of the original fear memory, and recently
retrieved memories are in a temporarily labile state (Nader et al., 2000a), successful retrieval of the
extinction memory during this temporal window should update the original fear memory to include the
extinction memory as well upon memory reconsolidation. Research has been done exploring the clinical
relevance of reconsolidation-enhanced extinction techniques in adolescents (Johnson & Casey, 2015;
Schiller et al., 2010). As adolescents are less responsive to standard EB-CBT techniques, they represent
an at-risk population and their responsiveness to extinction training during memory retrieval provides
promising results for the clinical utility of such findings. Furthermore, these results corroborate the claim
of Vervliet et al. (2013) that a better index of memory strength is successful extinction retrieval during
fear recovery. As such, it could be argued that heightened responsiveness to the CS during fear recovery
would exhibit either a stronger fear memory, or a weaker extinction memory; both of which can lead to
more accurate inferences regarding the strength of the conditioned memory.
Neurological evidence also emphasizes the importance of extinction retrieval during
reconsolidation. By infusing the lateral and basal nuclei of the amygdala (LBA) of rats with a protein
synthesis inhibitor (anisomycin) during memory retrieval, Nader et al. (2000b), found that inhibiting
protein synthesis during this temporal window where the fear memory is in an unstable state produces
amnesiac effects in expressing previously learned fear responses in future presentations of the CS. This
led them to conclude that reconsolidation is dependent on de novo protein synthesis in the LBA. When
considering these findings in conjunction with those of Amono et al. (2010), it appears that the novel
potentiation’s of these intercalated GABAergic projections may play a role in regulating the protein
synthesis occurring in the LBA during reconsolidation, therefore effectively altering the neuronal
representation of the reconsolidated memory.
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Recording Fear and its Neurological Correlates
Translating the emotional experience of fear into a lab environment is extremely challenging. As
such, researchers will often employ neurobiological, physiological, behavioral, and cognitive techniques
to quantify proxies of the fear response. Most current fear studies utilize animal models or human
participants to observe the neurological, physiological, and cognitive-behavioral responses to threatening
stimuli and how these responses change over time. The methods employed by these studies often entail a
combination of explicit measurements such as behavioral observations or self-report measures, and/or
implicit measures such as single-cell recordings, neuroimaging techniques, and physiological assays.
Each of these measuring techniques have provided invaluable evidence including the neuronal
mechanisms responsible for encoding, expressing, and mediating the expression of learned fears, the
physiological correlates of fear responses, and observable behavioral responses and their correlational
strength with the conscious experience of fear. The correlational strength between implicit and explicit
measures leads credence to the specificity of implicit measures. For example, a study performed by Jang
et al. (2020), utilized self-report measures and skin conductance levels (SCL) and responses (SCRs) while
participants were viewing both neutral and ‘fear-inducing’ film clips. They found evidence further
validating the strong correlational relationship between the conscious and unconscious experiences of
fear. Providing further support for the translational validity between fear-learning experiments and their
clinical relevance.
As threatening stimuli elicit physiological responses via the sympathetic nervous system,
recording these physiological measures provides an appropriate correlate to observe conditioned
responses to fear stimuli. As evidenced by numerous studies, physiological arousal in response to a
threatening stimulus serves as an appropriate proxy by which we can gauge subjective fear responses and
conscious fear (Jang et al., 2020; Williams et al., 2001; Staib et al., 2015). One of the most common
methodologies employed in fear learning studies is the galvanized skin conductance response (SCR) as it
is considered the most direct measure of sympathetic nervous system activity (Dawson et al., 2007).
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In 1879, Vigouroux was the first researcher to relate electrodermal activity (EDA) to
psychological processes, and in 1888, the French neurologist Charles Samson Féré, was able to
effectively demonstrate that skin conductance activity can be influenced by heightened emotional arousal
(Dawson et al., 2007). Skin conductance response operates by taking advantage of the natural
electrodermal activity of the skin. Essentially, there is a minor electrical current that is detectable on the
skin as the result of neuronal stimulation of the underlying musculature. Skin acts as a natural resistance
to this electrical current, but due to the high conductivity of sweat, increased activity of eccrine sweat
glands reduces the skins natural resistance (Boucsein, 2012).
Skin conductance is measured by placing two electrodes on specific points of the palm or fingers
and running a minuscule current (typically 10-60 microamps) through the electrodes. As participants
perspire in response to conditioned and unconditioned stimuli, the natural resistance of the skin is reduced
which subsequently increases its electrical conductivity. Unlike apocrine sweat glands, which are largely
involved in thermoregulation, eccrine sweat gland activity is understood to be mediated by the
sympathetic nervous system. As such, they are largely considered to serve as an efficient measure by
which we can gauge sympathetic nervous system activity as mediated by the sympatho-adrenmedullary
(SAM) axis.
The SAM axis is a physiological feedback system recognized as being primarily responsible for
activation of the ‘fight-or-flight’ response. This is because stressors act on the parvocellular projections
from the paraventricular nucleus of the hypothalamus to the medial eminence of the zona externa of the
globus pallidus. The zona externa, in turn releases corticotropin-releasing-hormone (CRH). CRH then
enters the bloodstream where it is received in the anterior pituitary gland, signaling the release of
adrenocorticotropic hormone (ACTH). ACTH travels through the blood and binds to receptors in the
cortex and medulla of the adrenal gland. The adrenal cortex secretes corticosterone in response to this
innervation, and the adrenal medulla mediates the release of the catecholamines epinephrine and
norepinephrine (Bodnar, 2020). The release of epinephrine by the adrenal medulla in response to
heightened levels of ACTH, facilitates excitation of the nerves of skeletal muscles, as well as more
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visceral muscles such as those responsible for modulating the respiratory and cardiovascular systems.
Heightened excitation of these muscles effectively activates the fight-or-flight response which is typically
characterized by pupillary dilation, increased heart and respiratory rate, piloerection, inhibition of
salivation, and increased activity of eccrine sweat glands. It is the increased activity of these eccrine sweat
glands that makes recording the skin conductance response an appropriate physiological proxy for fearlearning studies.
Research has further elaborated upon the relationship between physiological arousal in response
to threatening stimuli and its effect on the skin conductance response. A recent paper by Jindrová and
colleagues (2020) found that event-related skin conductance responses (ER-SCRs) have greater
amplitudes and shorter response times in response to unpleasant stimuli; and when emotional arousal is
greater; leading them to conclude that the increase in SCR amplitudes is primarily driven by the inherent
association between the unpleasantness of the stimulus and high physiological arousal. This association
appears to largely be mediated by cortical and subcortical structures within the medial temporal lobe, with
the amygdala and hippocampus receiving the most recognition (Schafe & LeDoux, 2007). Evidence from
neuroimaging studies suggests that the hippocampus is predominantly involved in encoding cue-specific
context, while the amygdala is involved in encoding discrete cues and evaluating the emotional salience
of a stimulus and initiating appropriate autonomic responses (Davis & Whalen, 2001). By pairing SCR
measurements with fMRI recordings, Williams et al., (2001), observed that SCRs occur in concurrence
with increased amygdala and medial frontal cortex activity, but are noticeably absent with increased
hippocampal and lateral frontal cortex activity. Further research utilizing skin conductance in tandem with
single-cell recordings in the right Amygdala of Rhesus monkeys found that increased amygdala activity
contributes to SCR modulation (Laine et al., 2009). These findings not only provide neurological
correlates between learned fears and skin conductance response, but also lend credence to the role of
classical conditioning as an appropriate fear learning paradigm while simultaneously providing evidence
that there are two separate neurological pathways which modulate fear learning (Braem et al., 2017;
Reijmers et al., 2007).
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These two pathways reflect distinct learning modalities: associative (implicit) and experiential
(explicit). Implicit learning involves forming associations between two or more stimuli/events and as such
is reflective of the classical conditioning paradigm. Whereas explicit learning occurs through exposure
and experience. Several studies have found evidence supporting that these distinct learning modalities
heavily rely on the amygdala but are mediated by different subcortical networks; with explicit learning
being mediated by the insular cortex, and implicit learning employing the frontal-striatal network (Yang
& Li, 2012). In describing their findings that SCRs only occur in tandem with heightened amygdalamedial frontal cortex activity Williams et al., (2001), speculated that the amygdala and hippocampus
networks serve distinct functions in the visceral experience and declarative appraisal of fear. This
conclusion, when taken with previous evidence regarding the different neural networks of learning,
suggest that fear learning employs a combination of these two neural modalities, with the amygdala
seeming to serve as a mediator between the two.
Interestingly, a study testing an overtraining model on rats found that temporarily disrupting the
basolateral amygdala (BLA) slowed, but did not eliminate, fear-learning responses following an
overtraining protocol compared to rats with non-disrupted BLA. When it came to extinguishing the
learned fear responses, overtrained rats who learned without BLA disruption exhibited no learned fear
response when scientists disrupted their BLA. However, the rats that underwent learning with BLA
disruptions continued to express the learned fear response even when their BLA was disrupted. These
results led the researchers to conclude that there are primary and secondary pathways responsible for
mediating learned fear responses (Ponnusamy et al., 2007). The fact that disruption of the BLA slowed
fear-learning responses, suggests that the amygdala plays a crucial role in the rapid acquisition of learned
fears. Zimmerman et al. (2007), further elaborated on these findings by temporarily inhibiting both the
BLA and the central nucleus of the amygdala (CEA) in rats in order to observe the role of the CEA in
mediating their ability to acquire conditioned fear responses with an overtraining model. They found that
rats with disrupted CEAs, with and without disrupted BLAs, failed to exhibit conditioned freezing
responses to the auditory signal of the CS after extensive overtraining (75 CS-US trials). Similarly, rats
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who underwent the overtraining protocol without CEA disruption, also failed to display conditioned fear
responses following post-training CEA disruption, implicating the CEA to be crucial in conditioning and
expressing learned fear responses. Together, these studies suggest that overtrained fear memories may be
encoded and mediated within multiple neuronal pathways, central to which would be the CEA.
In relation to fear-learning studies, physiological responses would be more implicative of
inferential learning effects and rely more heavily on the amygdala-medial frontal cortex and self-report
measures being more reflective of explicit learning occurring in the hippocampal-lateral frontal cortex. As
such, fear-learning studies which employ online self-report measures, are effectively asking participants
to alternate between two distinct learning modalities in the middle of the learning task. Online reporting
techniques actively draw participant’s attention away from the implicit learning experience inherent in the
Pavlovian paradigm by bringing conscious awareness to the patterned contingencies of the threat memory
in order to report their US expectancy rating, therefore influencing or ‘boosting’ the learning process
(Baeyens et al., 1990). This essentially influences how the threat memory is represented neurologically
and psychologically, and as such, reduces the clinical relevance of these in fear-learning experiments by
influencing the parameters behind the acquisition, extinction, and recovery of the fear memory.

Addressing a gap in the Literature
To improve the practical relevance of these studies in informing future directions for clinicians,
we should better understand the effect that overtraining has on memory strength and conditioned fear
responses by employing overtraining protocols on humans. Doing so would serve to better operationalize
memory strength in future fear-learning studies which could better elucidate the complex neurobiological
processes that mediate the conditioning, extinction, and re-expression of learned fears. However,
overtraining models are not easily transferable to human studies and the research exploring the effects
that overtraining has on the strength of fear memories in humans is sparse. But if the findings of
Ponnusamy et al. (2007), and Zimmerman et al. (2007), hold true for human models, it could implicate
distinct neuronal pathways responsible for the encoding of traumatic fear memories. The clinical
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relevance of overtraining models cannot be overstated, as it not only serves as a means by which memory
strength can be operationalized for future experiments, but also may provide invaluable insight in
gleaning the behavioral, and neurological implications of C-PTSD. Being able to identify distinct
biomarkers for C-PTSD, will not only increase its diagnostic viability, but can also inform future studies
and clinicians in designing more efficient treatment methodologies.
As there is a lack of empirical evidence supporting how to operationally maximize memory
strength, despite a consensus within the scientific community that the number of learning trials results in
more robust memories, we decided to focus our research on addressing this gap in the literature. Our
rationale behind this decision extends beyond this, as studies have previously aimed to augment memory
strength traditionally by manipulating reinforcement rate and the number of learning trials concurrently
(Dunsmoor et al., 2007; Chin et al., 2016). However, in terms of these factors translational validity, it
would seem that manipulating reinforcement rate is more closely aligned with GAD as it instills a
modicum of uncertainty within the participants (with full reinforcement rates introducing less uncertainty
than partial reinforcement rates); whereas fixed reinforcement rates across conditioned stimuli better
controls for this subjective variability in this regard. Conversely, the number of learning trials more
directly relates to the number of traumatic experiences an individual experiences and is a factor that can
vary in real life and impact the development and subsequent expression of distinct types of fear-related
disorders such as PTSD and C-PTSD. Similarly, if reconsolidation update is going to see more clinical
utility in the treatment of these fear-based psychopathologies, it should be stated that the strength of the
fear memory has represented a limiting factor on the effectiveness of reconsolidation update (Suzuki et
al., 2004).
As fear-based disorders are, in part, characterized by their robustness (either due to their
emotional salience or number of exposures), it is crucial that conditioned memories in the lab bear
semblance to the strength of these fear-based psychopathologies. As the salience of an emotional
experience is highly subjective, it is difficult to operationalize in a lab setting without introducing a great
deal of statistical variance. Therefore, it is crucial that we better understand the effect that the number of
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learning trials has on conditioning memory strength as it may provide a more feasible means by which
researchers can ensure the strength of conditioned memories. Thus, allowing experimental findings to be
more reflective of their clinical counterparts. Doing so will not only improve the translational and
ecological viability of such studies, but also may prove to elucidate some of the distinct acquisition
parameters of PTSD and C-PTSD. As such, we wanted to simulate the consequences of varied acquisition
parameters in the lab to glean a better idea of how differences in the number of aversive experiences
influence the strength of fear-based psychopathologies. A better understanding of the effects that varying
acquisition parameters has on the encoding and expression of learned fears and the consequences these
parameters can have for an individual’s capacity for extinction and probability of recovery of these fear
memories can provide invaluable insight in designing more effective treatments and identifying those
with a high risk of recidivism. Furthermore, operationalizing memory strength by the number of learning
trials, should allow us to better understand what the most appropriate index of memory strength is, as we
will have one memory that should operationally be more robust than the other. Therefore, the aim of this
study is to manipulate memory strength via the number of learning trials in order to provide a more
comprehensive understanding on the effect that the number of aversive encounters can have on memory
strength as indexed by stronger CRs during acquisition, rate of CR diminution in extinction, and strength
of CRs during fear recovery.

Current Study
In addressing the lack of evidence in operationalizing memory strength, the aim of this study was
to condition participants to two stimuli with distinct acquisition parameters as defined by the number of
learning trials. We employed an overtraining protocol, where the two stimuli (CS+) were paired with a
shock (US) nine times and five times and one was never paired with the shock (CS-). The two reinforced
conditioned stimuli (CS+) were reinforced at a constant rate of 50%. This was done so that we can
directly observe the effect that the number of learning trials has on memory strength. The conditioned
stimulus with more learning trials (CS+high) was presented a total of 18 times during acquisition, 9 of
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which were paired with the US. The other conditioned stimulus (CS+low) was presented to participants a
total of 10 times during acquisition, 5 of which were paired with the US. The conditioned stimuli for this
experiment consisted of colored squares with a blue square representing the CS+high, green square
representing the CS+low, and yellow square representing the CS-.
Acquisition was divided into two blocks, one for each CS+. Blocks were counterbalanced across
participants and the number of CS- presentations were matched with the number of CS+ presentations for
each block to serve as a control condition during acquisition. Acquisition was done in one day. 24 hours
following acquisition, participants returned to the lab to complete a fear extinction session. Extinction
consisted of presenting each CS in a fixed order across all participants without any pairings with the US.
Each CS was presented 12 times throughout the extinction session, equaling 36 total presentations.
Participants returned to the lab on day three to participate in a fear recovery session. The fear recovery
session utilized reinstatement and therefore began with the unpaired delivery of two shocks. This was
followed by four presentations of each CS, equaling a total of 12 CS presentations during fear recovery.
We recorded participants skin conductance response during all stages of the experiment and
administered self-report measures at the end of day 3 of the experiment to gauge participants US
expectancy ratings for each stage of the experiment (late acquisition, early extinction, late extinction,
early recovery, and late recovery). Shock expectancy values were collected post-hoc to avoid bringing
awareness to the experience of the participants. As previously mentioned, there is evidence that online
self-report increases conscious representation of the threat memory and influences the ways in which the
threat memory is encoded and cognitively expressed, in a way that is less organically representative of the
ways in which real-world fear memories are encoded (Baeyens et al., 1990). Furthermore, Jang et al.,
(2020) provided evidence that self-report measures correlate with physiological arousal, so we
rationalized US expectancy ratings should effectively correlate with participants SCRs when presented
with the conditioned stimuli. We also calculated a novel construct, expected threat value (ETV) by
multiplying US expectancy ratings with each participants subjective evaluation of the ‘unpleasantness’ of
the shock. ETV is operationally similar to reward expectancy values in that it explores the relationship
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between the expectancy of the threat and subjective evaluation of the threat. Thus, ETV may prove a
useful measure by which researchers can gauge how individuals determine which threat is ‘safer’ when
presented with more than one threatening stimulus.
In designing this experiment, we established four directional hypotheses: the CS+high would show
increased conditioned responding during late acquisition (last four responses) trials compared to the
CS+low; the CS+high would exhibit prolonged extinction as opposed to the CS+low as indexed by the mean
of the first two conditioned responses (early extinction) being subtracted by the mean of the last two
conditioned responses (late extinction); the CS+high would exhibit increased responses during early fear
recovery (first two responses) as indexed by mean differential SCRs; and US expectancy ratings would be
closer to the true reinforcement rate (50%) for the CS+high than the CS+low during acquisition. Though we
did not formulate any directional hypotheses with our other analyses, we were interested in testing the
correlational strength between SCR and US expectancy rating for late acquisition, early and late
extinction, and early and late fear recovery. We were also interested in observing the effect that the
number of learning trials may have on the correlational strength of SCR and US expectancy ratings.
Finally, as ETV is a novel measure in the fear-learning literature, we wanted to test its validity as a
construct by observing its correlational strength with SCR throughout all phases of the experiment as we
believe ETV may prove a useful tool in quantifying how participants differentiate between and rate the
threat posed by two more stimuli. We also tested the degree to which intolerance of uncertainty, and trait
anxiety influence extinction responding, in line with findings by Morriss et al., (2015; 2016); Indovina et
al., (2011); and Lissek et al., (2005) suggesting these traits limit the efficacy of extinction learning.
Provided the lack of research exploring the effect that the number of learning trials has on
memory strength; our experimental model should elucidate some of the ways in which researchers can
better operationalize memory strength for future fear-learning studies. Furthermore, as there is doubt as to
which index is most reflective of conditioned memory strength, increasing the number of learning trials
for one CS+ gives us a clear operational definition regarding which is the stronger memory. Using this,
we can observe which of the commonly used indices are most reflective of a stronger memory. This will
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provide invaluable insight for future fear-learning studies in determining which is the appropriate index to
gauge the strength of a conditioned fear memory. With the prevalence of anxiety disorders, and the rising
rate at which anxiety disorders are being diagnosed, a better understanding of the ways in which fear
memories of various acquisition parameters are learned and mediated should provide better guidance for
mental health professionals in treating these clinical populations.
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Chapter II: Methodology
Participants
A total of 49 participants, male and female, aged 18-35 were recruited from CUNY York College
in Queens, New York. Participants were screened and excluded from participating in the study if they met
any of the following criteria: a family history of psychiatric disorders; IQ scores lower than 80 on the
Weschler Abbreviated Scale for Intelligence (WASI); past significant head injury resulting in a
concussion or hearing loss; and current medication usage in response to a psychiatric disorder or mental
illness. A simple color discrimination task was also used to further screen participants with color
blindness to ensure that participants can effectively distinguish between the two reinforced CS+s and the
CS-. All participants were informed they would be participating in a learning task and that they retain the
right to quit the experiment at any time they desire without penalty. Participants provided their informed
consent prior to the beginning of the experiment and were compensated for their time at a rate of $20 per
session, equaling a total of $60 for participants who completed all three days of the study. To ensure
participant confidentiality, all participants data was stored using custom generated ID numbers.
Contingency instructions were not explicitly provided, rather participants were told: ‘pay attention to the
color of the window in the room which will change colors from black to either yellow, blue or green’. As
contingency instructions can influence acquisition rate (Mertens et al., 2021), we rationalized that vague
contingency instructions would allow acquisition rates and SCRs to be more reflective of implicit
learning effects and allow for more natural contingency awareness to occur. All procedures of this
experiment were approved by the pertinent institutional review board.

Pre-experimental questionnaires
Upon entering the lab and providing their informed consent, participants completed several selfreport questionnaires. These questionnaires served to observe the effect that individual differences may
have on conditioned responding throughout the experiment and included: the Spielberger State-Trait
Anxiety Inventory (STAI; Spielberger et al., 1994); the Intolerance for Uncertainty Scale (IUS; Buhr &
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Dugas, 2002); the Life Orientation Test - Revised (LOT-R; Scheier, Carver, & Bridges, 1994); and the
Physical and Neurological Examination for Subtle Signs (PANESS) Inventory (Bridge, 1985). The
Spielberger State-Trait Anxiety Inventory serves to measure both state anxiety (anxiety regarding a
particular event) and trait anxiety (anxiety as a personal characteristic). This test was chosen due to recent
evidence suggesting a negative correlation between trait anxiety and fear extinction learning (Indovina et
al., 2011; Lissek et al., 2005), so that individuals with heightened levels of trait anxiety would exhibit
greater resistance to extinction learning. The Intolerance for Uncertainty Scale - short form (IUS-12)
includes 12 items designed to gauge an individual’s ability to accept uncertain, ambiguous situations.
Buhr & Dugas (2002) describe the scale as “a tendency for an individual to consider it unacceptable that
an event may occur, however small the probability of its occurrence”. The IUS-12 is relevant to this study
because it has been found to have a negative relationship with extinction learning, with high IUS scores
correlating with diminished fear extinction learning (Morris et al., 2016), therefore effectively acting as a
limiting factor in the efficacy of extinction learning. Lastly the Physical and Neurological Examination
for Subtle Signs (PANESS) Inventory serves as an easy to administer test to judge an individual’s
handedness. This test is used so that the skin conductance recorders can be correctly placed on the
phalanxes of the participant’s non-dominant hand while the electrodes delivering the shock can be placed
on the participant’s dominant arm.

Overview, Stimulus Presentation, and Stimulus Timing
This study utilized three distinct learning stages over the course of three days. The three phases
include: acquisition, extinction, and fear recovery; with one phase being completed each day and 24 hours
passing before the start of the subsequent phase. This multi-day approach allowed participants ample time
to encode the learned conditions into long-term memories, therefore providing a more robust
measurement of persisting memory strength. Furthermore, dividing the experiment into three days
reduced the amount of time participants were expected to spend in the lab during each day of the
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experiment, which should improve their attention and level of alertness throughout the whole experiment
and reduce the effect of further confounding variables.
An important distinction in the experimental design of this study compared to other fear learning
studies, was that conditioning to the CS+high and the CS+low occurred in two distinct blocks. The CSserved as a control measure and was presented an equal number of times as its time-matched CS+. The
only difference between the two blocks was the color of the CS+ being presented and the number of
learning trials for each CS+. The rate of reinforcement remained steady at 50% for each CS+ and the
blocks were counterbalanced across all participants to control for any effects that learning occurring
during the first block may have on responses during the second block.
Each stimulus presentation was preset by a three second pre-stimulus interval in which the
cartoon window would appear black. The color of the window would then change to reflect the
conditioned stimulus being presented, with yellow representing the CS-, blue representing the CS+high,
and green representing the CS+low. The conditioned stimuli were presented for seven seconds, and any
pairings between the CS+ and the US would occur after seven seconds, so that the US onset coincided
with the offset of the CS+. Following this, the screen would go black for 14 seconds which served as the
inter-trial period. The inter-trial period was set to allow ample time for the skin conductance to adequately
respond and recover to the CS+ and the US, before the start of the next trial. All stimulus presentation and
SCR parameters are consistent with the methodological considerations as outlined by Lonsdorf et al.,
(2017).
Day 1: Acquisition
The first day of the experiment consisted of acquisition. Upon entering the lab, participants were
informed of the aims of the study and provided their informed consent. Once obtained, participants
completed the self-report measures mentioned above. Afterwards they washed their hands (without soap)
and turned off their cell phones before being guided into a room and seated at a desk with a computer
screen and keyboard in front of them. Participants were then connected to a skin conductance recording
system, which was connected to the participants distal phalanx of the second and third digits of their non-
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dominant hand using galvanized skin conductance response sensors. The skin conductance signal was
recorded and amplified using the MP150 skin conductance recording system (Biopac) in conjunction with
AcqKnowledge software. Presentation of the visual stimuli utilized E-prime software (Psychology
Software Tools), which concurrently sent time markers for the onset and offset of each stimulus to the
skin conductance recording system. Electrodes were also connected to the inside of the lower dominant
arm of the participants, which remained prone with the palm facing up for the entirety of the experiment.
These electrodes were pre-gelled with an isotonic gel and were responsible for delivering the shock (US)
to the participants. Initial ‘test’ shocks were delivered to the participants prior to the onset of the
experiment. These preliminary shocks served to set the ‘strength’ of the shock so that they would be
considered ‘annoying but not painful’ by the participants. In setting the strength of the delivered shock,
participants were asked to describe the shocks on a continuous scale of one to nine; with one being not
annoying at all and nine being extremely annoying. The researcher would then adjust the strength of the
shock until the participants reported a score of seven. Participants were told to keep their non-dominant
hand as steady as possible throughout the experiment to prevent any interference in the skin conductance
response.
Throughout the entirety of the experiment, participants sat in a quiet room in front of a computer.
The computer screen displayed a cartoon image of a kitchen with a window located in the middle of the
image, with the color of the window serving as the conditioned stimuli. The window would either display
yellow for the unpaired neutral stimulus (CS-), and blue or green the conditioned stimuli (CS+high &
CS+low respectively). The participant experienced the blocks in a sequential order so that the learning
trials for each CS+ remained separate. This was done to avoid conflation between the two CS+s and to
improve participants contingency awareness and better observe any differential learning effects. The
order in which participants experienced the blocks during acquisition was counterbalanced across all
participants. One block presented the CS+high (blue window) a total of 18 times, with 9 of these
presentations being paired with the unconditioned stimulus (US; the electrical shock). And the other block
presented the CS+low (green window) a total of 10 times, with 5 of the presentations being paired with the
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US. Again, the rate of reinforcement remained constant at 50% for both blocks. The number of
presentations of the CS- (yellow window) equaled the total number of CS+ presentations for the
respective block. In total, the block with more learning trials consisted of 36 trials while the block with a
lower number of learning trials consisted of 20 trials

Figure 1: Stimulus Type and Presentation

Figure 1 depicts the image of the cartoon kitchen which served as the contextual cues for the
conditioned stimuli. The image on the left shows the CS+high block. The image on the right shows the
CS+low block. Block order was counterbalanced across all participants.

Figure 2: Block Design

Figure 2 depicts the block design and reinforcement rate (50%) of the CS-US pairings throughout acquisition. The
CS+high block is shown on the left and the CS is paired with the US 9 times. The CS+low block is shown on the
right and the CS is paired with the US a total of 5 times. The CS- was never paired with the shock for either block.
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Day 2: Extinction
Participants returned to the lab 24 hours after acquisition for the extinction learning session. Upon
entering the lab, the participants were connected to the skin conductance recorder and the shock
electrodes, however they did not receive any shocks throughout the entirety of the extinction session.
Participants were informed that might experience some shocks during the second day of the experiment
and again were instructed to pay attention to everything they see and feel throughout the course of the
session. Extinction consisted of a total of 36 CS presentations: 12 for each: the CS-, the CS+high, and the
CS+low. Again, the US was never introduced during extinction. Trial order was randomized before the
study began and remained fixed across all participants. All other parameters remained unchanged from
acquisition.
Day 3: Fear Recovery
The last day of the experiment focused on recovery of the conditioned fear response. We utilized
a reinstatement recovery of the conditioned fear as opposed to spontaneous recovery due to reinstatements
robustness for eliciting the learned fear response. Participants entered the lab and again were connected to
the equipment, and instructed to pay attention to everything they see and feel and that they may or may
not experience any shocks. Reinstatement began with the delivery of two unpaired shocks, designed to
elicit, or reinstate, the conditioned response for the presentations of the conditioned stimuli. Following
this, fear recovery resumes a design akin to extinction, in which the conditioned stimuli are presented, but
never paired with a shock. The conditioned stimuli were presented a total of four times each during fear
recovery, totaling 12 presentations. The order that the CS+s were presented during fear recovery was
counterbalanced across all participants to account for any decreased skin conductance responses that may
occur for later trials. Once the last trial was completed, participants were disconnected from the skin
conductance sensors and the electrodes. Participants were then debriefed and asked to complete the posthoc questionnaire.
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Post-hoc Questionnaire & Shock Expectancy Values
After completing the fear recovery session on day three, participants completed the postexperimental questionnaire. The post-experimental questionnaire consisted of questions asking
participants to describe the shocks they received, how annoying the were shocks on a scale of 1-10,
describe what they saw during the experiment including what colors were presented in the window, and
which colors were paired with the shocks. These questions served to collect each participants evaluation
of the unpleasantness of the shock for use in our expected threat value calculation, as well as to observe if
participants successfully established a contingency awareness by accurately recollecting which colors
were paired with the shocks. Following these questions, participants completed a visual analogue scale.
The visual analogue scale asks participants to mark a value between 0 to 100; with 0 signifying ‘I didn’t
expect a shock at all’, and 100 representing ‘I definitely expected a shock’. The length of the visual
analogue scale was 9.6 centimeters. The purpose of collecting this data was to use in concordance with
the shock evaluation to calculate participants expected threat values for each CS, for each phase of the
experiment (See appendix for post-hoc questionnaire and visual analogue scale).

Data Analysis
Participant’s skin conductance responses data was smoothed and analyzed manually using
AcqKnowledge software (Biopac). In codifying each participants SCR response, we focused on a four
second temporal window occurring within the first .5 - 4.5 seconds following stimulus onset, recording
peak-to-peak values as defined by peak and trough difference being greater than >0.02 μS (microsiemens;
the threshold parameter). Data normalization entailed each SCR being square-root transformed and scaled
to each participant’s largest response to the CS+US during acquisition. Scores were then averaged across
participants for each stimulus type (CS+high, CS+low, CS-, US) in the respective phases of the experiment.
All data were analyzed using SPSS version 28.0.1.0. To test for differences in memory strength,
we employed a within-subjects ANOVA, with the independent variables representing the CS+high, the
CS+low, and the CS- for each phase of the experiment: late acquisition, early extinction, and early fear
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recovery. We rationalized that because the CS+high, had more learning trials, it would be the stronger
memory as evidenced by increased SCR during late acquisition, resistance to extinction and heightened
responses during fear recovery compared to the CS+low.
To compare the mean SCR responses during acquisition, we performed a paired-samples t-test
comparing the mean differential responses for the two CS+s during late acquisition (as defined by the last
four trials). To control for the variability that unequal number of learning trials may have in our analysis,
we focused our analysis on the last four trials of each stimulus for each block and calculated the mean
differential responses for each CS+ and its respective CS.
For extinction we focused our analysis on the early sessions of day two as defined by the first two
extinction trials. To test our hypothesis that the CS+high would constitute the stronger memory as
evidenced by resistance to extinction we performed a within-subject ANOVA comparing the means of the
first two extinction trials of our dependent variable (SCRs to the CS+high, CS+low, and CS-). To test our
hypothesis that the CS+high would constitute the stronger memory as evidenced by heightened fear
recovery, we performed a within-subjects ANOVA comparing the means of the first two recovery trials of
our dependent variables (CS+high, CS+low, and CS-). As extinction and fear recovery did not employ two
distinct blocks and presented the same CS- throughout, there was no need to differentiate the CS+
responses from the CS-.
During late acquisition, we calculated the mean differential responses for the CS+ to control for
any habituation that may have occurred and then performed a paired-samples t-test comparing these two
values. For extinction and fear recovery, we ran a within-subjects ANOVA with our dependent variables
(CS+high, CS+low, and CS-) across the two independent variables of time (early and late); Separate tests
were done for both extinction, and fear recovery.
To calculate participants shock expectancy values, we measured where on the visual analogue
scale the participants indicated their confidence level for receiving a shock. We then normalized these
values by dividing them by the length of the scale (9.6 cm). Therefore, adjusting participants expectancy
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values to fit between a range of 0-1, with 0 representing ‘I didn’t expect a shock at all’ and 1 representing
‘I definitely expected a shock.
We calculated each participants expected threat value, a compound subjective measure, that is
analogous to reward expectancy. Our calculations for expected threat value (ETV) mirror those done to
calculate an individual’s reward expectancy in that we simply multiplied each participant’s evaluative
‘unpleasantness’ of the US and multiplied it by their shock expectancy rating, resulting in ETV’s for each
participant across all conditioned stimuli and all phases of the experiment. ETV is a novel subjective
measurement that has yet to be observed, let alone tested, in existing fear learning literature, as such, we
were interested in testing its validity. To accomplish this, we ran correlational analyses comparing each
participants expected threat value with their mean skin conductance response for all conditioned stimuli
across late acquisition, early extinction, and early recovery.
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Chapter III: Results
SCR Across Acquisition, Extinction, and Fear Recovery
A total of 49 participants were involved in this experiment. five participants were excluded from
our statistical analysis: four for missing data, and one had an issue with the SCR electrodes. All other
participants (N = 44) were included in the statistical analyses. When sphericity assumptions for an
ANOVA was not met, we used Greenhouse-Geisser adjusted F values. We calculated the mean
differential response of each participants’ SCR for the last four trials of acquisition for the CS+high and the
CS+low. This was done by subtracting the average SCRs of the CS- from the average SCRs for the CS+s.
To test the effects of learning experience on memory strength during acquisition we performed a twotailed paired-samples t-test on the means of the CS+high and the CS+low. Our results revealed no significant
effect between the CS+high (M = .06, SD = .149) and the CS+low (M = .08, SD = .152) during late
acquisition (t(43) = -.677, p = .502, 95% CI [-.076, .038]). We also ran two paired-samples t-tests
comparing the mean responses for each CS+ to its time-matched CS-. These tests showed that participants
mean SCRs for the CS+high (M = .126, SD = .181) were greater than its time-matched CS- (M = .066, SD
= .092), (t(43) = 2.689, p = .01, 95% CI [.015, .106]). Participants also showed greater responsiveness to
the CS+low (M = .175, SD = .176) than its time-matched CS- (M = .095, SD = .128), when using
Bonferroni corrections (t(43) = 3.474, p = .001, 95% CI [.033, .126])
We calculated resistance to extinction by subtracting the responses for the last two extinction
sessions from the first two extinction sessions, (a standard practice for differential conditioning
paradigms, Lonsdorf et al., 2017). With these values, we performed a within-subjects ANOVA, utilizing
within-subject factors of stimulus type (CS+high, CS+low, CS-) across the independent variable of time. We
observed null results for within-subject effects (F(2,84) = 2.236, p = 0.113) across all dependent variables
yielding no significant differences between the SCRs for the different CS’s during early extinction. Early
fear recovery was calculated by performing a within-subjects ANOVA with within-subject factors of
stimulus type (CS+high, CS+low and CS-) across the independent variable of time (means of the first two
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recovery trials). The ANOVA yielded null results for within-subject effects (F(1.787, 73.276) = 2.252, p
= .118), showing no statistically significant effects were found for the SCRs between the CS’s during
early fear recovery.

Expectancy Ratings
Shock expectancy ratings were calculated for each participant by taking the normalized value for
each CS for late acquisition, early extinction, and early recovery. We calculated each participants
differential expectancy values by subtracting mean CS- expectancy from each CS+ expectancy rating for
all phases of the experiment. We then performed three paired-samples t-test comparing the mean
differential response for each CS+. We found no significant difference between the CS+high (M = .355, SD
= .543) and the CS+low (M = .324, SD = .509) for late acquisition (t(43) = .532, p = .597, 95% C.I. [-.086,
.147]). Of note, is the higher CS+high expectancy ratings compared to the CS+low ratings. As we predicted
that increasing the number of learning trials would bring CS+high expectancy ratings closer to the true
reinforcement rate during acquisition, these results prove the opposite of our hypothesis. However, the
high p-value, and high standard error (.057) suggest this result may be due to noise or unaccounted for
variability. We then performed an ANOVA for expectancy ratings in early extinction, with within-subject
factors of stimulus type across the independent variable of time. We found a significant main effect for
stimulus type in early extinction (F(1.605, 69.030) = 18.228, p < .001). Bonferroni adjusted post-hoc tests
showed that US expectancy was greater for the CS+high (M = .705, SD = .321) than the CS- (M = .297, SD
= .365) by an average of .408 (p < .001) and that US expectancy was greater for the CS+low (M = .621, SD
= .297) than the CS- (M = .297, SD = .365) by an average distance of .323 (p < .001).
Similarly, to compare US expectancy differences for early recovery, we ran a 3X1 ANOVA with
within-subject factors of stimulus type across the independent variable of time. We found a significant
main effect for US expectancy ratings for stimulus type in early recovery (F(2, 86) = 9.352, p < .001).
Bonferroni adjusted pairwise comparisons showed that participants were expecting the shock more for the
CS+high (M = .506, SD = .360) than the CS- (M = .252, SD = .313) with an average distance of .254 (p =
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.005). Similarly, participants were expecting the shock for the CS+low (M = .486, SD = .324) more than for
the CS- (M = .252, SD = .313) with an average distance of .234 (p = .002), however we found no
statistically significant differences between the CS+high and the CS+low.

Correlational Analyses
To test the validity of ETV, Pearson’s Correlation was used to compare expected threat value
(ETV) and SCR for each of the conditioned stimuli during acquisition, early extinction, and early fear
recovery. Pearson’s correlation showed CS+high SCR and ETV were positively correlated r(40) = .454, p
= .003 across late acquisition. Similarly, CS+low and its respective ETV calculations were positively
correlated r(40) = .311, p = .045 during late acquisition. No significant correlation was observed between
the CS- and its respective ETV, r(40) = .021, p = .897 for the late acquisition phase. Correlation analyses
for early extinction revealed no significant relationships between the SCR responses for any stimulus type
across its respective ETV calculations. Late extinction correlation analyses showed a significant
correlation only between the SCR and ETV for the CS- (r(40) = .399, p=.009. Both, early and late, fear
recovery correlational analyses found no significant results to report.
To test the effect that psychometric measures such as intolerance of uncertainty and trait anxiety
may have on extinction and fear recovery, we ran correlational analyses testing these effects. We focused
these correlational analyses on the CS+s as previous research has suggested that these personality
characteristics compromises the effectiveness of exposure therapy (Morriss et al., 2015, 2016; Indovina et
al., 2011; Lissek et al., 2005). For early extinction, we failed to find a significant correlation between
intolerance of uncertainty and the CS+high: r(32) = -.129, p = .482; and the CS+low: r(32) = -.200, p = .273.
We also found no significant correlation in early extinction for trait anxiety for the CS+ high: r(32) = -.075,
p = .685 and the CS+low: r(32) = -.231, p = .204. For fear recovery, no significant correlation was found
between intolerance of uncertainty and the CS+high r(31) = .214, p = .247; or the CS+low r(31) = .082, p =
.662. Similarly, we found no significant correlation between trait anxiety and the CS+high r(31) = -.013, p
= .945 or the CS+low r(31) = -.139, p = .456 in early recovery.
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Figure 3: SCR Across Extinction

Figure 3 depicts skin conductance responses over the course of extinction. No statistically significant difference was
found (p < 0.5) for any of the stimulus types in extinction.

Figure 4: US Expectancy Ratings

Figure 4 depicts the US expectancy ratings throughout the experiment. Although the US expectancy ratings for the
CS+high and CS+low at any point of the experiment. We were able to find a descriptive trend (p = .597) between the
two conditioned stimuli. Participants seemed to overestimate US expectancy for the CS+high, while we predicted it
would approach the true reinforcement rate (50%).
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Figure 5: CS+ High SCR and ETV Correlation for Late Acquisition

Figure 5 shows the correlation (r = .454, p = .003) between SCR and ETV ratings for the CS+high during late
acquisition

Figure 6: CS+ Low SCR and ETV Correlation for Late Acquisition

Figure 6 shows the correlations (r = .311, p = .045) between SCR and ETV ratings for the CS+low during late
acquisition

32

Chapter IV: Discussion
Interpretation of Results
We failed to reject the null hypothesis that the CS+high would constitute the stronger memory as
indexed by greater responding during acquisition, resistance to extinction, and heightened recovery
responding. Our statistical tests yielded no statistically significant difference between the two CS+s for
any of our SCR and shock expectancy analyses. We believe this result to be attributable to a ceiling effect
in the rate at which learning is occurring. Learning follows an asymptotic curve, and our null results
suggest that we may have approached that limit with the number of CS+low trials, therefore, any learning
effects that occur beyond that point would suffer from diminished returns. As the number of learning
trials increases, less novel information is being encoded and future trials are less likely to retrieve and
update the already learned contingencies. However, it is also possible that the shape of this asymptotic
curve is influenced by the emotional salience or 'unpleasantness’ of the stimulus, so that more unpleasant
stimuli foster quicker learning. Future research is needed to better understand the effects and limits of the
asymptotic rate of learning.
While we predicted that US expectancy values would approach the true reinforcement rate (50%)
with more learning trials, so that US expectancy ratings for CS+low > CS+high during acquisition, our
results revealed a trend in the opposite direction. Interestingly, this relationship persisted for early
extinction and early recovery. However due to the high p-value, and standard error rate, it is possible that
this is reflective of either a lack of sensitivity in the self-report measure, or learning reaching its
asymptotic limit for the CS+low and therefore a ceiling effect preventing any noticeable changes being
detected for the CS+high. However, it is also possible that participants are basing their expectancy ratings
off of the number of learning trials, or that these ratings are reflective of each participant’s affective
disposition towards the stimulus, which became more negative as the number of learning trials increased.
This argument would be in line with Damasio’s somatic marker hypothesis (Damasio, 1996). Future
research could aim to further elucidate this result. If this relationship holds true in future studies, it could
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provide evidence suggesting that the number of aversive experiences influences our perception of the
likelihood of future outcomes.
Skin conductance responses in the latter part of acquisition were statistically significant between
the CS+ and its time-matched CS- providing evidence that learning did occur, though not between the two
CS+s, a finding that contrasts with those by Dunsmoor et al., (2007). SCR and shock expectancy results
throughout extinction both provide evidence that the fear memories were successfully extinguished,
leading credence to the efficacy of exposure-based CBT in diminishing the conditioned response of fearmemories. Recovery SCR data showed heightened skin conductance responding for the CS+high compared
to the CS-, but not between the two CS+s. Future studies employing a between-subjects design might be
able to test this experimental design more effectively, however we opted to employ a within-subjects
design due to its increased statistical power and lower degrees of inter-individual variability. SCR and
expectancy measures for fear recovery both suggest that participants were effectively able to recover the
fear-memories through reinstatement. Though it should be noted that the statistically significant
expectancy ratings between the CS+s and the CS- for fear recovery are likely attributable to the fact that
expectancy ratings were collected at the end of the fear-recovery session and, as such, were influenced by
a recency effect. The null effect between the CS+s during fear recovery suggests that heightened
recovery, as evidenced by shock expectancy, may be less indicative of fear memory strength.
A potential source of our null results, particularly for extinction and recovery, could be
ascertained from participants reported experience at the end of the experiment. Many participants
expressed feelings of uncertainty regarding the pairings of the CS and US for days two and three, with
multiple participants stating that they thought the CS-US pairings would change between days. This could
have contributed to increased SCRs across all stimulus types for early extinction and early recovery.
Correlational analyses comparing ETV and SCR only yielded significant results for the CS+s
during late acquisition. A significant correlation was found in late extinction but only between the SCR
and ETV for the CS-. As such, the correlational specificity of ETV may only be viable during acquisition.
An interesting observation found in our exploratory analysis showed a descriptive difference in the US
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expectancy ratings between the two CS+s that persisted across all phases of the experiment. While we
predicted that the number of learning trials would cause US expectancy ratings to approach the true
reinforcement rate of 50% during late acquisition. This could be the result of participants conflating threat
expectancy with the number of experienced threat events.
Contrary to previous research (Lissek et al., 2005; Indovina et al., 2011; Chin et al., 2016; Morris
et al., 2016) we failed to find any statistically significant effects between the psychometric measures
(intolerance of uncertainty and trait anxiety) and their effects on participants skin conductance response
across all stages of the experiment. While this was surprising, it could be the result of including
participants who failed to establish a contingency awareness in our analyses. Furthermore, some of the
studies (Chin et al., 2016; Morris et al., 2016) that reported these findings had different acquisition
parameters than us and manipulated both number of learning trials in their experimental design as well as
rate of reinforcement. However, even when filtering participants based on whether or not they established
contingency awareness, we failed to find any statistically significant correlations between these
psychometric measures and SCR.
Furthermore, fear learning studies may decide to exclude participants who fail to establish a
contingency awareness as indexed by greater CS- than CS+ responding, or a failure to accurately recollect
which CS’s were paired with the US at the end of the experiment. We did not exclude participants on
these criteria in our statistical analysis on several grounds. First as argued in Lonsdorf et al. (2017), there
is no clear validated or universally accepted cut-off criterion and as such it is usually at the researcher’s
discretion to set their own criterion. This leads to problems in the replicability and transferability of
results between experiments conducted by different researchers. Secondly, performance-based
exclusionary criterion can lead to the exclusion of upwards of 50% or more of all participants. A quick
look at the data revealed that roughly 39% of our participants would have been excluded should we have
decided to utilize such criteria, which would have significantly impacted the statistical power of our
results. Third, exclusionary criteria based on SCR data would have affected our explicit measures as well.
This would have been particularly troublesome as implicit and explicit measures don’t always converge
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so we would have been jeopardizing statistical power for both measures to reduce variability for one
measure. Most importantly, one of the primary goals of fear-learning studies is to better inform clinicians,
as a common facet of anxiety disorders is the tendency to express fear-responses to stimuli that are similar
to the original fear memory, excluding participants who fail to establish a contingency awareness as
indexed by their SCR, could be excluding individuals whose responses are more in-line with the clinical
population.

Limitations
The lack of statistical significance for any of our measures between the two CS+s could be the
result of a ceiling effect, conversely it could be indicative of the challenges faced by fear-learning
experiments to successfully condition strong memories. There may be a small window within which we
can effectively manipulate memory strength in the lab for both: within and between-subject designs. This
would be reflective of the fear-learning paradigm as a whole and could suggest that lab-induced fears are
limited in their quantitative strength. This begs the question whether fears instilled in an experimental
setting are qualitatively different than those that are learned outside of a lab setting. As there is
significantly less emotional salience for the conditioned stimuli in the lab, it is possible that emotional
salience of a fear-inducing stimulus may be the most important factor when it comes to operationalizing
memory strength. However, the CS cues we utilized are standard in the fear-learning literature and
therefore provide greater translational validity between other experimental designs and utilizing more
emotionally salient cues for the CS would create a plethora of confounds due to the highly subjective
nature of what constitutes an emotionally salient stimulus.
It could be argued that the moderate reinforcement rate posed another limitation as well.
However, as this study was primarily concerned with observing the effects that the number of learning
trials has on memory strength, and as we utilized a within-subjects design, there was a limit at the rate
which we could reasonably reinforce the CS+s. Though evidence suggests that fully reinforced stimuli
exhibit greater fear learning as opposed to partially reinforced stimuli (Dunsmoor et al., 2007), it was not
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possible to ethically increase the rate of reinforcement without lowering the number of learning trials, and
thus reducing the validity of the specific aims of this experiment. Furthermore, the 50% reinforcement
rate is not uncommon in fear-learning literature, and studies have even used reinforcement rates as low as
25% (Dunsmoor et al., 2007).
It is also possible that this task was more cognitively demanding compared to most fear-learning
tasks, as participants were conditioned to two CS+s during the first stage of the experiment. The
contingency awareness data supports this claim, as approximately 39% of participants failed to
successfully establish contingency awareness. This could lead to a decreased signal to noise ratio which
would affect our results. However, filtering these participants would significantly affect our statistical
power, which is one of the strengths and rationalizations of utilizing a within-subjects design when
originally designing the experimental protocol.
While it could be argued that online self-report measures are more reflective of true shock
expectancy ratings, we rationalized that post-hoc expectancy measures allow greater validity to the
experimental design. This is because online self-report measures may encourage contingency awareness
by bringing conscious attention to the CS-US patterns. Furthermore, there is evidence that implicit fear
learning, and explicit fear-learning employ distinct neurological mechanisms (Braem et al., 2017;
Reijmers et al., 2007). As such, online self-report expectancy ratings may influence the psychological and
neurological representation of these fear-memories. Furthermore, the degree of clinical relevance for fearlearning experiments is dependent on the degree of similarity between fears conditioned in the lab and
real-world fears. As individuals in real-world traumatic scenarios may be less consciously aware of the
contingencies involved in encoding the fear memory, these fears are encoded utilizing more implicit
mechanisms. Therefore, online self-report measures serve to limit the degree of psychological and
neurological similarity between fears conditioned in the lab and real-world events.
Another limitation could also be the lack of sensitivity in our chosen measures in their ability to
detect subtle differences in fear memory strength. Also due to the additive nature of SCRs, it is difficult to
discern true responses from false ones. However, SCR is one of the most popular chosen methods in
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Pavlovian fear learning models and has been employed repeatedly in numerous permutations of fearlearning paradigms. SCR has also been evidenced a myriad of times to provide rapid and accurate
measurements of physiological arousal. The rapid onset of SCR following stimulus presentation is
invaluable as the lower temporal window between stimulus onset and recorded physiological arousal
provides more accurate and specific data acquisition.

Future Research
Future studies aiming to test the effects of an overtraining model on memory strength could stand
to benefit by employing a between-subjects design. Doing so would allow researchers to increase the rate
of reinforcement for each conditioned stimulus, which could subsequently influence participants skin
conductance responses, and shock expectancies. This could also account for the length of the acquisition
stage as participants would effectively only need to condition to one CS, as opposed to two. Conversely,
future experiments utilizing a within-subjects design could employ two, counter-balanced acquisition
sessions, occurring on different days. This would serve the same purpose of reducing the length of the
acquisition stage and would also allow researchers to increase the rate of reinforcement as well, while
simultaneously retaining a similar degree of statistical power.
Another avenue of future research could explore post-recovery extinction rates as an index of fear
memory strength. Currently, most fear-based research ends with the fear recovery phase. However, as
many as 50% of patients either fail to effectively respond to treatment or experience a re-emergence of
symptoms following treatment. As fear recovery sessions are designed to better understand what causes
recidivism of maladaptive fear responses, they fail to take notice of the memory strength of the recovered
fear. As such, future studies could attempt to recover the fear, and follow fear recovery with another
extinction session to observe if the recovered fear is more, or less, robust than the original fear. This
would provide relevant information for clinicians who wish to better understand the strength of the
recovered fear memory for individuals who have experienced recidivism of their anxiety disorder.
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The psychological community is currently in discussions regarding whether or not to include
Complex-PTSD (C-PTSD) in the next installment of the DSM. C-PTSD is recognized as being the result
of repeated trauma experiences, while PTSD is considered to be the result of one or more traumatic
experiences (Hyland et al., 2017). As such, a better understanding of the means in which we appraise and
respond to threatening stimuli and the efficacy of different extinction tactics in extinguishing learned fear
responses of varying strengths and acquisition parameters would improve clinical understanding and
treatment methodologies for these psychopathologies. A direction for future research to better explore
these relationships would be to condition two distinct fear-memories of different acquisition parameters
(i.e., less learning trials but greater unpleasantness of the US vs. more learning trials but lower subjective
unpleasantness of the US). Doing so could provide more relevant information regarding the distinct ways
in which different psychopathologies encode and express these fear memories. This could also open
avenues of future research which could help identify specific biomarkers for PTSD and C-PTSD and
improve diagnostic accuracy as well as treatment efficacy.

Conclusion
Our results failed to detect any statistically significant effect on learning experience as indexed by
our implicit measure of SCR across all phases of the experiment, calls into question the viability of this
specific experimental protocol as an effective means of manipulating memory strength. Though we are
unable to ascertain exactly why we failed to reject the null, it is possible that it is a true negative result
and, as such, is reflective of learning reaching its asymptotic limit earlier in the acquisition stage.
Conversely, failure to reject the null could be the result of a false negative and may be reflective of a lack
of sensitivity of SCR in detecting subtle changes in memory strength. Future studies adjusting the number
of learning trials to account for the asymptotic limit could better explain these null results.
Conversely, while our explicit measures failed to detect statistically significant changes in
memory strength as a result of the number of learning trials, they did elucidate a descriptive difference in
the US expectancy ratings. Participants consistently overestimated the reinforcement rate for the CS+high
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compared to the CS+low. This contrasts with our hypothesis as we predicted that as the number of learning
trials increased, participants would be able to more effectively deduce the true reinforcement rate for the
CS+s. This result suggests that participant’s US expectancy ratings calculations are, in part, based off of
the number of CS-US pairings. Though this result failed to reach traditional statistically significant
values, they stand in contrast to what standard learning theories would predict and may merit further
exploration as a means to better understand the ways in which individuals effectively differentiate
between expected outcomes of two or more threatening stimuli.
Our correlational results between SCR and ETV provide evidence that the number of learning
trials increases the strength of this correlation. This is evidenced by the correlational strength of these
measures being stronger for the CS+high than the CS+low. While the two correlations did not differ in a
statistically significant manner, they do suggest that ETV may be a viable measure in overtraining
protocols and could be practical in Pavlovian designs which employ a forced-choice task entailing two
threatening stimuli.
In conclusion, we effectively outlined an overtraining paradigm in humans and have provided
preliminary evidence regarding the ways in which researchers may better manipulate memory strength in
future studies. Furthermore, we have found suggestive evidence that underlies the ways in which
individuals may calculate their expectancy ratings for encountering threatening stimuli which may be
worthy of future exploration. It would be interesting to observe the effect that higher rates of
reinforcement, and more drastic differences in the number of learning trials between two CS+s might
have on this effect. Our novel compound measure provides preliminary evidence regarding its validity
and specificity and online self-report expectancy ratings may strengthen its correlational relationship with
SCR. ETV could also be proven useful in future fear studies exploring the emotional salience of an
aversive stimulus. Ultimately, we have addressed a lapse in the fear-learning literature regarding the
effect that varying the number of learning experiences has on memory strength and have informed future
studies hoping to maximize memory strength to improve its clinical transferability.
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Appendix
SUBJ #: ____________
Date: ____________
Post Test Questions
This part will be verbally administered by the researcher.
1. Describe the shocks you received

How annoying were they on a scale of 1-10?

2. Describe all of the things you saw during the experiment
(if they don’t mention all three colors, ask, “How many different colors did you see?”)

After they have described all three colors (assuming they do) ...

3. How many colors were paired with shocks?

Which colors?

Blue

4. Are they correct?

Yes

Yellow
No

Green
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This part to be completed by the participant.

1. How much did you expect to receive a shock during the second half of Day One when
you saw ...
The blue window

0
“I didn’t expect a shock at all”

100
“I definitely expected a shock”

The green window

0
“I didn’t expect a shock at all”

100
“I definitely expected a shock”

The yellow window

0
“I didn’t expect a shock at all”

100
“I definitely expected a shock”
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2. How much did you expect to receive a shock during the first few appearances of the
windows on Day Two when you saw...
The blue window

0
“I didn’t expect a shock at all”

100
“I definitely expected a shock”

The green window

0
“I didn’t expect a shock at all”

100
“I definitely expected a shock”

The yellow window

0
“I didn’t expect a shock at all”

100
“I definitely expected a shock”
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3. How much did you expect to receive a shock during the last few appearances of windows
on Day Two when you saw...
The blue window

0
“I didn’t expect a shock at all”

100
“I definitely expected a shock”

The yellow window

0
“I didn’t expect a shock at all”

100
“I definitely expected a shock”

The green window

0
“I didn’t expect a shock at all”

100
“I definitely expected a shock”
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4. How much did you expect to receive a shock during the first two appearances of
windows on Day Three when you saw ...
The blue window

0
“I didn’t expect a shock at all”

100
“I definitely expected a shock”

The yellow window

0
“I didn’t expect a shock at all”

100
“I definitely expected a shock”

The green window

0
“I didn’t expect a shock at all”

100
“I definitely expected a shock”
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5. How much did you expect to receive a shock during the last two appearances of shapes
on Day Three when you saw ...
The blue window

0
“I didn’t expect a shock at all”

100
“I definitely expected a shock”

The yellow window

0
“I didn’t expect a shock at all”

100
“I definitely expected a shock”

The green window

0
“I didn’t expect a shock at all”

100
“I definitely expected a shock”
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